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[57] ABSTRACT

A solid-state color image pickup device which is capable of
simplifying signal processing with respect to picture signals.
A color filter mounted on the solid-state image pickup
device is composed of first to fourth filter elements E1 to E4.
The sum E1+E2 of the signals of color components obtained
by adding the color components of the first filter element E1
and the second filter element E2 which are disposed in an
odd-numbered row is equal to the sum E3+E4 of the signal
of color components obtained by adding the color compo-
nents of the third filter element E3 and the fourth filter
element E4 which are disposed in an even-numbered row. A
brightness signal having color components in a predeter-
mined ratio is obtained for each of E1+E2, and E3+E4. A
color component signal representing one of the three pri-
mary colors (R, G, B) of light is represented by the differ-
ence between the color component signals of the first filter
element E1 and the second filter element E2, and the
difference between the color component signals of the third
filter element E3 and the fourth filter element E4. Thus,
signals necessary for producing a color image are obtained
for each row of light-receiving picture elements.

20 Claims, 5 Drawing Sheets
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SOLID-STATE COLOR IMAGE PICKUP
DEVICE FOR REPRODUCING A COLOR
IMAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solid-state color image
pickup device on which a mosaic color filter is mounted and,
more particularly, to the structure of such a color filter.

2. Description of the Prior Art

When a color image is reproduced by using a solid-state
image pickup device, a color filter composed of filter ele-
ments having predetermined color components arranged in
a mosaic or in stripes 1s mounted on the light-receiving
surface of the solid-state image pickup device so that a
plurality of light- receiving picture elements which are
arranged on the light receiving surface correspond to respec-

tive color components. In the case of a mosaic color filter,
although the structure is more complicated than that of a
striped color filter, it 1s advantageous in that enhancement of
the horizontal resolution is possible. For this reason, a
solid-state image pickup device on which a mosaic color
filter is mounted is generally adopted in video cameras and
the like which are required to have a high resolution.

FIG. 1 is a plan view of the light-receiving portion of a
CCD solid-state image pickup device of a frame transfer
type on which a mosaic color filter is mounted, and FIG. 2
is a sectional view thereof, taken along the line X—X.

On the surface of a P-type silicon substrate 1, a plurality
of isolating regions 2, which are composed of P-type regions
having a high density or thick oxide films which are selec-
tively oxidized, are formed in parallel with each other.
N-type impurities are diffused on the surface portions of the
substrate 1 between the isolating regions 2. thereby consti-
tuting channel regions 3 which serve as the transfer routes of
information charges. A first layer of transfer electrodes S are
arranged in parallel with each other 1n the direction orthogo-
nal to the channel regions 3 on the silicon substrate 1, on
which the isolating regions 2 and the channel regions 3 are
formed, through an oxide film 4 which constitutes a gate
insulation film. A second layer of transfer electrodes 6 are
disposed on the first transfer electrodes § in such a manner
as to cover the gaps between the transfer electrodes S and to
be electrically isolated from the transfer electrodes 5§ in the
first layer. During the period of storing information charges
which are produced by photoelectric conversion of the light
projected from an object of observation, the potential of the
transfer electrodes 5 in the first layer is set to be high and the
potential of the transfer electrodes 6 in the second layer is set
to be lower than that. As a result, potential wells are formed
in the channel regions 3 under the transfer electrodes 5 in the
first layer and potential barriers are formed in the channel
regions 3 under the transfer electrodes 6 in the second layer,
so0 that each channel region 3 which is continuous in the
vertical direction in FIG. 1 is sectioned into a plurality of
light-receiving picture elements. Each of the transfer elec-
trodes 5, 6 is provided with a clock pulse of, for example,
four phases so that the information charges stored in the
potential wells are sequentially transferred to the output side
along the channel regions 3.

A color filter 7 formed in such a manner as to cover the
transfer electrodes 8, 6 is divided into a plurality of separate
regions in correspondence with the light-receiving picture
elements which are defined by the isolating regions 2 and the
potential barriers formed on the transfer electrodes 6. Ye
(yellow), Cy (cyan), W (white) and G (green) color com-
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ponents are allotted to the separate regions in accordance
with a predetermined rule on the basis of the calculation of
light-receiving signals (picture information) obtained from
each vertical line so as to reproduce the R (red), G (green)
and B (blue) color components. Actually, since a G filter is
produced by laying a Cy filter and a and a Ye filter with one
on top of the other, a first coloring layer 8 which constitutes
a Ye filter is disposed at Ye color component regions and G
color component regions, and a second coloring layer 9
which constitutes a Cy filter i1s disposed at Cy color com-
ponent regions and G color component regions. A color filter
7 is composed of the first coloring layer 8 and the second
coloring layer 9. Neither the color layer 8 nor the color layer
9 are disposed on the separate regions to which a W color
component is allotted, and the light from the object of
observation is directly projected to the light-receiving pic-
ture ¢lements.

In the solid-state image pickup device of a frame transfer
type explained above, since it is impossible to transfer the
information charges stored in one light-receiving picture
element independently of the information charges stored in
another light-receiving picture element, the information
charges for two rows of light-receiving picture elements in
each channel region 3 are mixed and transferred along the
channel region 3 with the information charges for two
light-receiving picture elements as a unit. The combination
of two light-receiving picture elements for mixing the infor-
mation charges is inverted in every field so as to enable
interlaced scanning, and picture information (light- receiv-
ing signals) which corresponds to the number of light-
receiving picture elements in the vertical direction 1n FIG. 1
is obtained.

After the information charges are mixed, a signal of
(Ye+W) color components and a signal of (Cy+G) color
components are obtained from the light-receiving picture
clements of an n-th row and the (n+1)th row, respectively. in
an even-numbered field. for example. and a signal of an R
color component is produced from the difference between
these signals, as shown by the following formula (1):

(Ye+ W) —(Cy+G) = (QR+2G+B)—(2G+B) (1)
= 2R

wherein Ye=R+G, Cy =G+B.
In the same ficld (even-numbered field), a signal of (Cy+W)

color components and a signal of (Ye+(3) color components
are obtained from the light-receiving picture elements of the

subsequent (n+2)th row and the (n+3)th row, respectively,
and a signal of a B color component is produced from the
difference between these signals, as shown by the following
formula (2):

(Cy+W)—-Ye+G) = (R+2G+2B)-(2G+R)
= 2B '

(2)

By synthesizing the signals of (Ye+W) color components
and (Cy+W) color components or the signals of (Cy+W)
color components and (Ye+G) color component, which are
obtained from the respective light-receiving picture
elements, a brightness signal (light-receiving picture
element) in which the R, G and B color components are
synthesized in the ratio of 1:2:1 is produced, as shown in the
following formula (3):

Fe+Oy+-GH+W=2R+4G+2B (3)

According to an NTSC standard, the original brightness

signal produced by synthesis has the R, G and B color
components in the ratio of 30%, 59% and 11%. but a
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brightness signal having these color components in approxi-
mately this ratio has no problem in practical use.
In an odd-numbered field, a B color component signal, an

R color component signal and a brightness signal are pro-
duced by a similar calculation. That is, an R color compo-

nent signal is produced from a signal of (W+Ye) color
components and a signal of (G+Cy) color components
obtained from the light-receiving picture elements of the
(n—1)th row and the nth row, respectively, and a B color
component signal is produced from a signal of (W+( y)
color components and (G+Ye) color components obtained
from the light-receiving picture elements of the (n+1)th row
and the (n+2)th row, respectively.

In this manner, in each field of interlaced scanning, R, G
and B color component signals and a brightness signal are
obtained from the light-receiving picture elements for four
TOWS.

A CCD solid-state image pickup device of a full frame
type which is capable of reading the information charges of
each light-receiving picture element independently from the
information charges of another light-receiving picture ele-
ment without mixing the information charges for two light-
receiving picture elements is now being developed. In such
a CCD solid-state image pickup device of a full frame type,
if it is assumed that an R color component signal is obtained
from the light-receiving picture e¢lement of an even-
numbered row, for example, it is necessary to obtain a B
color component signal form the light-receiving picture

element of an odd-numbered row and a common brightness
signal from the light-receiving picture element of each row.

In the solid-state image pickup device such as that shown in
FIG. 1 in which one light-receiving picture element corre-
sponds to one color component, however, it is impossible to
produce a B color component signal or an R color compo-
nent signal from the picture information of the light-
receiving picture element of one row. If the arrangement of
each color component of the color filter 7 is changed, it is
possible to produce a B color component signal or an R color
component signal from the picture information of the light-
receiving picture element of one row. On the other hand, a
change of the arrangement of the color components makes
it impossible to produce a common brightness signal from
the light-receiving picture element of each row. For this
reason, it is difficult to put a CCD solid-state image pickup
device of a full frame type to practical use.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
eliminate the above-described problems in the prior art and
to provide the structure of a color filter for a solid-state color
image pickup device of a full frame type which enables a
predetermined color component signal and a brightness
signal having color components in a predetermined ratio
which are necessary for producing predetermined color
picture information to be produced from a picture signal
obtained from each row.

To achieve this end, in a first aspect of the present
invention, there is provided a solid-state color image pickup
device comprising: a substrate, a plurality of light-receiving
picture elements arranged in a matrix on the surface of the
substrate; and a color filter which is provided in such a
manner as to cover the plurality of light-receiving picture
elements and which is composed of filter elements having a
one-to-one correspondence to the light-receiving picture
elements.

The filter elements include a first filter element and a
second filter element disposed in odd-numbered rows so as
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to pass light having a first color component and light having
a second color component, respectively, and a third filter

element and a fourth filter element disposed in even-
numbered rows so as to pass light having a third color

component and light having a fourth color component,
respectively.

The filter elements pass the light having color components

which satisfy the following conditions:

the sum of a light-receiving signal obtained from the
light-receiving picture element which corresponds to
the first filter element on the basis of the light having
the first color component and a light-receiving signal
obtained from the light-receiving picture element
which corresponds to the second filter element on the
basis of the light having the second color component is
equal to the sum of a light-receiving signal obtained
from the light-receiving picture element which corre-
sponds to the third filter element on the basis of the
light having the third color component and a light-
receiving signal obtained from the light-receiving pic-
ture element which comresponds to the fourth filter
element on the basis of the light having the fourth color
component;

a light-receiving signal of a first fundamental color com-
ponent is obtained from the difference between the
light-receiving signal based on the light having the first
color component and the light-receiving signal based
on the light having the second color component; and

a light-receiving signal of a second fundamental color
component is obtained from the difference between the
light-receiving signal based on the light having the
third color component and the light-receiving signal
based on the light having the fourth color component.

Each of the filter elements is composed of at least two
color component regions having different color components,
and each color component region has one color component
selected from the group consisting of the three primary
colors of light and the complementary colors thereof.

Each of the first and second fundamental color compo-
nents includes at least one of the three primary colors.

Each of the sum of a light-receiving signal based on the
light having the first color component and a light-receiving
signal based on the light having the second color component
and the sum of a light-receiving signal based on the light
having the third color component and a light-receiving
signal based on the light having the fourth color component
is coincident with a brightness signal having the color
components of the three primary colors in a predetermined
ratio.

Since the sum of the light-receiving signal of the light
having the first color component and the light-receiving
signal of the light having the second color component 1s
coincident with the sum of the light-receiving signal of the
light having the third color component and the light-
receiving signal of the light having the fourth color
component, as described above, the sum of the light-
receiving signals (picture signals) obtained in each row has
the same color components. By adding the information
obtained from adjacent light-receiving picture elements (the
first filter element and the second filter element, and the third
filter element and the fourth filter element) in each row, it is
possible to obtain a light-receiving signal (brightness signal)
having color components in a predetermined ratio in each
TOw.

In addition, since a light-receiving signal having the first
fundamental color component and a light-receiving signal
having the second fundamental color component are
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obtained from the difference between the light-receiving
signal based on the light having the first color component
and the light-receiving signal based on the light having the
second color component, and the difference between the
light-receiving signal based on the light having the third
color component and the light-receiving signal based on the
light having the fourth color component, respectively, it is
possible to obtain a predetermined color component signal
which is necessary for each row.

In this manner, it is possible to obtain a predetermined
color component signal and a brightness signal having color
components in a predetermined ratio which are necessary for
producing predetermined color picture information.

In a second aspect of the present imvention, there is
provided a solid-state color image pickup device compris-
ing: a substrate; a plurality of light-receiving picture ele-
ments arranged in a matrix on the surface of the substrate;
and a color filter provided in such a manner as to cover the
plurality of light-receiving picture eclements, wherein the
color filter is divided into a plurality of units of color
component regions, each unit is composed of three different
color component regions arranged in the direction of a row
in correspondence with two adjacent light-receiving picture
elements in one row, and one of the three color component
regions bridges over the two adjacent light-receiving picture
elements.

The color filter is composed of filter elements which have
one-to-one correspondence to the light-receiving picture
elements and each of which has two color component
regions. A first filter element and a second filter element for
passing light having a first color component and light having
a second color component, respectively, are disposed in
odd-numbered rows, and a third filter element and a fourth
filter element for passing light having a third color compo-
nent and light having a fourth color component, respectively,
are disposed in even-numbered rows.

The filter elements pass the light having color components
which satisfy the following conditions:

the sum of a light-receiving signal obtained from the
light-receiving picture eclement which corresponds to
the first filter element on the basis of the light having
the first color component and a light-receiving signal
obtained from the light-receiving picture element
which corresponds to the second filter element on the
basis of the light having the second color component is
equal to the sum of a light-receiving signal obtained
from the light-receiving picture element which corre-
sponds to the third filter element on the basis of the
light having the third color component and a light-
receiving signal obtained from the light-receiving pic-
ture clement which cormresponds to the fourth filter
clement on the basis of the light having the fourth color
component,

a light-receiving signal of a first fundamental color com-
ponent is obtained from the difference between the
light-receiving signal based on the light having the first
color component and the light-receiving signal based
on the light having the second color component; and

a light-receiving signal of a second fundamental color
component is obtained from the difference between the
light-receiving signal based on the light having the
third color component and the light-receiving signal
based on the light having the fourth color component.

According to this structure, it is possible to provide two

different color component regions in each filter element of
the color filter, which has a one-to-one correspondence with
cach light-receiving picture element, by reducing the width
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of each color component region in the direction of a row of
the color filter to -5 without changing the length in the
direction of a vertical line of the color filter. Since color
picture information is produced on the basis of the picture
signals obtained from the light-receiving picture elements
for one row, it is easy to obtain a predetermined color
component signal and a brightness signal having color
components in a predetermined ratio which are necessary for
producing color picture information.

In addition, the color component regions of the color filter
are arranged in the same order in an odd-numbered row and
an even-numbered row, and the position of each color
component region in an odd-numbered row is shifted in the
direction of a row of the color filter from the position of each
component region in an even-numbered row by one color
component region.

The color filter is composed of a first filter having a first
color component and a second filter having a second color
component in the same pattern as in the first color filter. In
the first filter and the second filter, a gap which corresponds
to one color component region is provided after every two
color component regions, and the position of each gap in an
odd-numbered row is shifted from the position of each gap
in an even-numbered row by one color component region.
The first filter and the second filter are laid with one on top
of the other in such a manner that an edge of one filter is
shifted in the direction of a row of the filter from that of an
edge of the other filter by one color component region,
thereby forming a third color component.

As described above, if the width of a color component
region in the first filter and the second filter in the direction
of arow of a light-receiving picture clement is reduced to -4
of a light-receiving picture eclement without changing the
length thereof in the direction of a vertical line, and the first
filter and the second filter are laid with one on top of the
other in the above-described manner, it is possible to provide
a color filter which is capable of producing a necessary color
component signal and a brightness signal having color
components in a predetermined ratio for each row.
Consequently, according to this structure, it is possible to
easily produce a mosaic color filter with the same degree of
precision as the production of a striped color filter.

The above and other objects. features and advantages of

the present invention will become clear from the following
description of the preferred embodiments thereof, taken in

conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a light-receiving portion of a
conventional solid-state image pickup device;

FIG. 2 is a sectional view of the solid-state image pickup
device shown in FIG. 1. taken along the line X—X;

FIG. 3 is a plan view of the structure of a color filter of

a solid-state color image pickup device according to the
present invention;

FIG. 4 is a plan view of the structure of a first embodiment
of a color filter according to the present invention;

FIG. S is a plan view of the structure of a second
embodiment of a color filter according to the present inven-
tion;

FIG. 6 is a plan view of the structure of a third embodi-
ment of a color filter according to the present invention;

FIG. 7 is a plan view of the structure of a fourth embodi-
ment of a color filter according to the present invention;

FIG. 8 is a plan view of a light-receiving portion of a
solid-state color image pickup device on which a fifth
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embodiment of a color filter according to the present inven-
tion is mounted;

FIG. 9 is a sectional view of the fifth embodiment shown
in FIG. 8, taken along the line Y—Y;

FIG. 10 shows the structure of the first filter of the color
filter 17 in FIG. 8;

FIG. 11 shows the structure of the second filter of the
color filter 17 in FIG. 8; and

FIG. 12 shows the structure of the first filter shown in
FIG. 10 and the second filter shown in FIG. 11 which are laid

with one on top of the other.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring first to FIG. 3, which is a plan view of the
structure of a color filter for a solid-state color image pickup
device according to the present invention, filter elements are
shown which are arranged in a matrix in such a manner as
to correspond to a plurality of light-receiving picture ele-
ments.

The color filter is composed of first to fourth filter
elements E1 to E4. The first and second filter elements El,
E2 are alternately arranged in an odd-numbered row, and the
third and fourth filter elements E3, E4 are alternately
arranged in an even-numbered row. Each of the first to
fourth elements E1 to E4 is composed of a combination of
two or three color component regions having color compo-
nents selected from the group consisting of the three primary
colors (red: R, green: GG. and blue: B) and the complemen-
tary colors thereof (yellow: Ye, magenta: Mg, and cyan: Cy)
in a predetermined ratio. The combination ratio is deter-
mined so as to satisfy the following formula (4):

El1+E2=FE3 +FA4 (4)

IE1 - E21=(1
IE3 — E4l =72

wherein C1 and C2 each represent the difference between
the signals which represent one or two components of the
three primary colors.

In other words, the combination ratio is determined so that
the color component represented by the sum of the signals
obtained from the light-receiving picture elements which
correspond to the first and second filter elements E1, E2
arranged in an odd-numbered row is equal to the color
components represented by the sum of the signals obtained
from the light-receiving picture elements which correspond
to the third and fourth filter elements E3, E4 arranged in an
even-numbered row. In addition, the combination ratio is
further determined so that a color component of the three
primary colors is obtained from the difference between the
signals obtained from the light-receiving picture elements
which correspond to the first and second filter elements E1,
E2. and another color component of the three primary colors
is obtained from the difference between the signals obtained
from the light-receiving picture elements which cormrespond
to the third and fourth filter elements E3, E4.

If each group of the first and second filter elements E1 and
E2, and the third and fourth filter elements E3 and Ed4

contains the R, G and B color components in a predeter-
mined ratio, it is possible to represent a brightness signal by
E1+E2, and E3+E4.

If a color filter composed of the first to fourth filter
elements E1 to E4 is mounted on a solid-state image pickup
device, it is possible to produce a brightness signal and a
signal having a fundamental color component by the addi-
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tion process or the subtraction process with respect to
picture signals obtained from the light-receiving picture
elerments in one row. The process necessary for producing
picture signals which are necessary for reproducing a color
picture is therefore simplified and, hence, a signal process-
ing circuit is simplified.

Since it is only necessary in such a color filter that the first
to fourth filter elements E1 to E4 have one-to-one corre-
spondence to the light-receiving picture elements, this color
filter is applicable to any of the solid-state image sensors of
a frame transfer type, an interline type and a frame interline

type.
First Embodiment

FIG. 4 is a plan view of an example of the arrangement

of the color components in a first embodiment of a color
filter in which the first to fourth filter elements E1 to E4 are
composed of Ye, Cy and G color components.

In the first filter element E1. a Cy color component and a
Ye color component are arranged in the ratio of 2:1, and in

the second filter element E2, a G color component and a Ye
color component are arranged in the ratio of 2:1. In the third
filter element E3, a G color component and a Cy color
component are arranged in the ratio of 2:1, and in the fourth
filter element E4, a Ye color component and a Cy color

component are arranged in the ratio of 2:1. Therefore, the
first to fourth filter elements E1 to E4 are represented by the

following formula (5):
E1=2Cy+ Ye (5)

E2=2G+Ye

E3=2G+Cy

E4 =2Ye + Cy

By synthesizing the signal obtained from the light-
receiving picture element which corresponds to the first filter

element E1 and the signal obtained from the light-receiving
picture element which corresponds to the second filter

element E2 in an odd-numbered row, the following formula
(6) 1s obtained:

El+E2 = (2Cy+ Ye)+(2G + Ye) (6)

= 2R+6(G+12B

Similarly, by synthesizing the signal obtained from the
light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the

light-receiving picture element which corresponds to the
fourth filter element E4 in an even-numbered row, the

following formula (7) is obtained.:

E3+E4 = (2G+Cy)+(2Ye+CYy)
= 2R+6G+2B '

(7)

Each of the formulas (6) and (7) represents a brightness
signal in which the R, G and B color components are
synthesized in the ratio of 1:3:1. This brightness signal is not
coincident with the original brightness signal, but since the

color components are synthesized in the ratio approximate to
the ratio in accordance with the NTSC standard, there is no

problem in practical use.

It 1s possible to obtain a B color component signal from
the difference between the signal obtained from the light-

receiving picture element which corresponds to the first filter
element E1 and the signal obtained from the light-receiving
picture element which corresponds to the second filter
element E2, as represented by the following formula (8):
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IEl -E2l = (2Cy+ Ye)—(2G+Ye)

= 20y-2G
= 2B

(8)

Similarly, it is possible to obtain an R color component
signal from the difference between the signal obtained from
the light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4, as represented by the following
formula (9):

10

E3-Edl = (2Ye+Cy)—(2G+Cy) (9)
= 2Ye-2G s
= 2R

In this way, each of the first to fourth filter elements E1
to E4, is divided into color component regions in the ratio of
2:1, and the divided color component regions are allotted to
Cy, Ye and G color components, as shown in FIG. 4.
Alternatively, it is possible to form the first to fourth filter
elements E1 to E4 so that each filter element itself directly
has a spectral characteristic which satisfies the formula (5).
Second Embodiment

FIG. § is a plan view of an example of the arrangement
of the color components in a second embodiment of a color
filter in which the first to fourth filter elements E1 to E4 are
composed of R, G and B color components.

In the first filter element E1. R, G and B color components
are arranged in the ratio of 1:3:2, and in the second filter
element E2, an R color component and a G color component

are arranged in the ratio of 1:3. In the third filter element E3,
a G color component and a B color component are arranged

in the ratio of 3:1, and in the fourth filter element E4,. R, G
and B color components are arranged in the ratio of 2:3:1.

Therefore, the first to fourth filter elements E1 to E4 are
represented by the following formula (10):

25

30

35

El=R+3G+2B (10)

E2=R+3C
E3=3C+B
EA=2R+3G+B

By synthesizing the signal obtained from the light-
receiving picture element which corresponds to the first filter
element E1 and the signal obtained from the light-receiving
picture clement which corresponds to the second filter
element E2 in an odd-numbered row, the following formula

(11) is obtained:

43

Ei+E2 = (R+3G+2B)+(R+30) (11} 50

= 2R+6G+28

Similarly, by synthesizing the signal obtained from the
light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4 in an even-numbered row, the
following formula (12) is obtained:

33

(12)

E3+F4 = (BG+B)+(RR+3G+ 8 .

= 2R+6G+28

Each of the formulas (11) and (12) represents a brightness
signal in which the R, G and B color components are
synthesized in the ratio of 1:3:1 in the same way as the
formula (7).

It is possible to obtain a B color component signal from
the difference between the signal obtained from the light-

65
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receiving picture element which corresponds to the first filter
element E1 and the signal obtained from the light-receiving
picture element which comesponds to the second filter
element E2, as represented by the following formula (13):

E1-E2 = (R+3G+2B)-(R+3G) (13)

= 2B

Similarly, it is possible to obtain an R color component
signal from the difference between the signal obtained from
the light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4, as represented by the following

formula (14):

E3-E4 = (2R+3G+B)-(3G+B)
= 2R

In this way, each of the first to fourth filter elements El
to B4 is divided into color component regions in the ratio of
1:2:3 or 1:3, and the divided color component regions are
allotted to R, G and B color components, as shown in FIG.
5. Alternatively, it is possible to form the first to fourth filter
elements El to E4 so that each filter element itself directly
has a spectral characteristic which satisfies the forrnula (10).
Third Embodiment

FIG. 6 is a plan view of an example of the arrangement
of the color components in a third embodiment of a color
filter in which the first to fourth filter elements E1 to E4 are

composed of Ye, Cy and G color components.

In the first filter element E1, a Cy color component and a
G color component are arranged in the ratio of 2:1, and in
the second filter element E2, a Ye color component and a G
color component are arranged in the ratio of 2:1. In the third
filter element E3, a Ye color component and a Cy color
component are arranged in the ratio of 2:1, and in the fourth
filter element E4, a G color component and a Cy color
component are arranged in the ratio of 2:1. Therefore, the
first to fourth filter elements E1 to E4 are represented by the
following formula (15):

(14)

El=2Cy+G (15)

E2=2Ye+G
E3=2Ye+Cy
E4=2CG+Cy

By synthesizing the signal obtained from the light-
receiving picture element which corresponds to the first filter

element E1 and the signal obtained from the light-receiving
picture element which corresponds to the second filter

element E2 in an odd-numbered row, the following formula
(16) is obtained:

El+E2 = (2Cy+G)+(2¥e+G) (16)

= 2R+6G+2B

Similarly, by synthesizing the signal obtained from the
light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4 in an even-numbered row, the

following formula (17) is obtained:

E3+F4 = (2Ye+Cy)+ (20 + Cy)
= 2R+6G+ 2B |

Each of the formulas (16) and (17) represents a brightness
signal in which the R, G and B color components are
synthesized in the ratio of 1:3:1 in the same way as the

formula (7).

(17)
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It is possible to obtain a signal representing the difference
between a B color component signal and an R color com-
ponent signal from the difference between the signal
obtained from the light-receiving picture element which
corresponds to the first filter element E1 and the signal
obtained from the light-receiving picture element which
corresponds to the second filter element E2, as represented

by the following formula (18):
E1-E2 = (2Cy+G)-(2¥e+G) (18)
= 20y —2Ye
= 2B-2R

Similarly, it is possible to obtain an R color component
signal from the difference between the signal obtained from
the light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4, as represented by the following
formula (19):

E3-E4l = (2¥e+Cy)-(2G +Cy)

= 2¥e-2G
= 2R

(19)

It is possible to obtain a B color component signal by adding
the R color component signal represented by the formula 19
to the signal representing the difference between a B color

component signal and an R color component signal repre-
sented by the formula (18).

In this way, each of the first to fourth filter elements E1
to Ed is divided into color component regions in the ratio of
2:1, and the divided color component regions are allotted to
Cy, Ye and G color components, as shown in FIG. 6.
Alternatively, it is possible to form the first to fourth filter
elements E1 to E4 so that each filter element itself directly
has a spectral characteristic which satisfies the formula (15).
Fourth Embodiment

FIG. 7 is a plan view of an example of the arrangement
of the color components in a fourth embodiment of a color
filter in which the first to fourth filter elements E1 to E4 are
composed of R, G and B color components.

In the first filter element E1, a G color component and a
B color component are arranged in the ratio of 3:2, and in the
second filter element E2, an R color component and a G
color component are arranged in the ratio of 2:3. In the third
filter element E3, R, G and B color components are arranged
in the ratio of 2:3:1. and in the fourth filter element E4, a G
color component and a B color component are arranged in
the ratio of 3:1. Therefore, the first to fourth filter elements

El to E4 are represented by the following formula (20):
E1=3G+28 (20)

E2=2R+3G

E3=2R+3G+B

E4=3G+B

By synthesizing the signal obtained from the light-
receiving picture element which corresponds to the first filter
element E1 and the signal obtained from the light-receiving
picture clement which corresponds to the second filter
element E2 in an odd-numbered row, the following formula

(21) is obtained.

El+E2 = (3G+2B)+(2R+3G) (21)

= 2R+6G+ 2B

Similarly, by synthesizing the signal obtained from the
light-receiving picture element which corresponds to the
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third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4 in an even-numbered row, the
following formula (22) is obtained:

E3+E4 = (2R+3G+B)+(3G+B) (22)

= 2R+6G+ 2B

Each of the formulas (21) and (22) represents a brightness
signal in which the R, G and B color components are
synthesized in the ratio of 1: 3 : 1 in the same way as the
formula (/).

It is possible to obtain a signal representing the difference
between a B color component signal and an R color com-
ponent signal from the difference between the signal
obtained from the light-receiving picture element which
corresponds to the first filter element E1 and the signal
obtained from the light-receiving picture element which

corresponds to the second filter element E2, as represented
by the following formula (23):

El-E2A = (3G+2B)-(2R+3G)
= 2B-2R

(23)

Similarly, it is possible to obtain an R color component
signal from the difference between the signal obtained from
the light-receiving picture element which corresponds to the

third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the

fourth filter element E4. as represented by the following
formula (24):

£33 — E4] = (2R+3G+BY-(3CG+B)
= 2R

(24)

It is possible to obtain a B color component signal by adding
the R color component signal represented by the formula 24
to the signal representing the difference between a B color
component signal and an R color component signal repre-
sented by the formula (23).

In this way, each of the first to fourth filter elements E1
to E4 is divided into color component regions in the ratio of
2:3, 1:3, or 1:2:3, and the divided color component regions
are allotted to the R, G and B color components, as shown
in FIG. 7. Alternatively, it is possible to form the first to
fourth filter elements E1 to E4 so that each filter element
itself directly has a spectral characteristic which satisfies the
formula (20).

Fifth embodiment

FIG. 8 is a plan view of the light-receiving portion of a
CCD solid-state image pickup device of a full frame type on
which a fifth embodiment of a color filter of the present
invention is mounted, and FIG. 9 is a sectional view thereof,
taken along the line Y—Y. The color filter includes the first
to fourth filter elements E1 to E4 which are composed of Ye,
Cy and G color components.

On the surface of a P-type silicon substrate 11, a plurality
of isolating regions 12 which are composed of P-type
regions having a high density are formed in parallel with
each other. N-type impuritics are diffused on the surface
portions of the substrate 1 between the isolating regions 12,
thereby constituting channel regions 13. The isolating
regions 12 and the channel regions 13 are the same as those
in the solid-state image pickup device shown in FIG. 1. A
first layer of transfer electrodes 15 and a second layer of
transfer electrodes 16 are arranged in parallel with each
other in the direction orthogonal to the channel regions 13 on
the silicon substrate 11. on which the isolating regions 12

and the channel regions 13 are formed, through an oxide film
14.
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During the period of storing information charges which
are produced by photoelectric conversion, the potential of
the even-numbered transfer electrodes 16 in the second
layer, for example, is set to be low so as to form potential
barriers, and the potential of the transfer electrodes 15 in the
first layer and the odd-numbered transfer electrodes 16 in the
second layer is set to be high so as to form potential welils.
Consequently, each channel region 13 which is continuous
in the vertical direction in FIG. 8 is electrically isolated by
the even-numbered transfer electrodes 16 in the second
layer, and a plurality of light-receiving picture elements are
formed. Each of the transfer electrodes 15, 16 is provided
with a clock pulse of, for example, four phases so that the
information charges stored in the potential wells are sequen-
tially transferred to the output side along the channel regions
13. A pair of transfer electrodes 15 and a pair of transfer
electrodes 16 (four transfer electrodes in total) are allocated
to one picture element, and information charges stored in
each light-receiving picture element are transferred indepen-
dently of the information charges stored in another light-
receiving picture element.

A color filter 17 formed in such a manner as to cover the
transfer electrodes 15, 16 is vertically divided into a plurality
of regions in correspondence with each row of the light-
receiving picture elements. The color filter 17 is horizontally
divided into a plurality of units of color component regions,
and each unit is composed of three different color compo-
nent regions arranged in comrespondence with every two
channel regions 13. The color component region which
bridges over the two adjacent light-receiving picture ele-
ments with the isolating region 12 therebetween corresponds
to 14 of two light-receiving picture elements and each of the
color component regions on both sides of the color compo-
nent region which bridges over the two adjacent light-
receiving picture elements corresponds to 3 of each light-
receiving picture element. Ye, Cy and G color components
are allocated to the color component regions in a predeter-
mined order. The order of color components allocated to
each color component region is the same in each row, but the
second color component region in an odd-numbered row
comes first in an even-numbered row. In this manner, the
first filter element E1 in which a Cy color component and a
Ye color component are arranged in the ratio of 2:1, and the
second filter element E2 in which a G color component and
a Ye color component are arranged in the ratio of 2:1 are
formed on an odd-numbered row. In the same way, the third
filter element E3 in which a G color component and a Cy
color component are arranged in the ratio of 2:1, and the
fourth filter element E4 in which a Ye color component and
a Cy color component are arranged in the ratio of 2:1 are
formed on an even-numbered row.

It is possible to produce a filter of a G color component
by laying a filter of a Cy color component on top of a filter
of a Ye color component. For this reason, a first coloring
layer 18 which constitutes a Ye filter is disposed at Ye
component regions and G component regions, and a second
coloring layer 19 which constitutes a Cy filter is disposed at
Cy component regions and G component regions. A color
filter 17 is composed of the first coloring layer 18 and the
second coloring layer 19. In this way, the color component
region at which only the first coloring layer 18 is disposed
corresponds to a Ye color component, the color component
region at which only the second coloring layer 19 is disposed
corresponds to a Cy color component, and the color com-
ponent region at which both the first coloring layer 18 and
the second coloring layer 19 are disposed, with one on top
of the other, corresponds to a G color component.
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In the solid-state image pickup device on which the color
filter 17 having the above-described structure is mounted,
the first to fourth filter elements E1 to E4 are represented by
the following formula (25):

E1=20v+Ye
E2=20G+ Ye

E3=2G+Cy
E4=2Ye+( 'y

By synthesizing the signal obtained from the light-
receiving picture element which corresponds to the first filter
element E1 and the signal obtained from the light-receiving
picture element which corresponds to the second filter
element E2 in an odd-numbered row, the following formuia

(26) is obtained:

(25).

El1+E2 = (2Cy+Ye)}+(2G + Ye)
= 2Ye+ 2G + 20y
= 2R+6(r+ 2B

Similarly, by synthesizing the signal obtained from the
light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4 in an even-numbered row, the
following formula (27) is obtained:

(26)

E3+E4 = (2G+Cy)+(2¥Ye+Cy) (27)
= 2¥e+ 206+ 2y

= 2R+6G+ 28

Each of the formulas (26) and (27) represents a brightness
signal in which the R, G and B color components are
synthesized in the ratio of 1:3:1 in the same way as the
formula (7). This brightness signal is not coincident with the

original brightness signal, but the color components are
synthesized in the ratio approximate to the ratio in accor-
dance with the NTSC standard, and there is no problem in
practical use.

The difference between the signal obtained from the
light-receiving picture element which corresponds to the
first filter element E1 and the signal obtained from the

light-receiving picture element which corresponds to the
second filter element E2 is represented by the following

formula (28):

IE1-E2l = (20v+Ye)—-(2G+Ye)
= 202G
= 2B

Similarly, the difference between the signal obtained from
the light-receiving picture element which corresponds to the
third filter element E3 and the signal obtained from the
light-receiving picture element which corresponds to the
fourth filter element E4 is represented by the following
formula (29):

(28)

(2C + Cy) — (2¥e + Cy)R2G — 2Yel = 2R (29)

In this way, it is possible to obtain an R color component
signal and a B color component signal from the light-
receiving picture elements for two rows, as represented by
the formulas 28 and 29, and it is possible to obtain a
brightness signal from each row. It is easy to obtain a G color
component signal by subtracting the R color component
signal and the B color component signal from the brightness
signal.
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FIGS. 10, 11 and 12 are plan views explaining a method
of producing the color filter 17 shown in FIG. 8.

Referring first to FIG. 10 which shows a first filter
corresponding to a Ye color component, the first filter is
divided into color component regions in a matrix. In each
row, one opening which corresponds to one color component
region is provided after every two color component regions,
and the position of each opening in an odd-numbered row is
shifted from the position of each opening in an even-
numbered row by one color component region, The first
filter corresponds to the first coloring layer 18 shown in FIG.
9. A second filter which corresponds to a Cy component has
the same shape as the first filter, as shown in FIG. 11, and
corresponds to the second coloring layer 19 shown in FIG.
9.

The first filter shown in FIG. 10 and the second filter
shown in FIG. 11, which both have the same shape, are laid
one on top of the other in such a manner that the side end of
one filter is shifted in the direction of a row of the filter from
the side end of the other filter by one color component
region. As a result, G component regions are produced, as
indicated by the cross-hatched portions in FIG. 12. Since an
opening of one filter is covered with an opening of the other
filter, the opening of each filter constitutes a Cy color
component or a Ye color component.

In the first and second filters, since the same color
components are consecutive in the direction of a vertical
line, 1t i1s possible to form the same color components
consecutively in the direction of a vertical line when the
coloring layers 18 and 19 are formed on the light-receiving
portion of a solid-state image pickup device in the same way
as in a striped color filter.

This method of producing a mosaic filter is effective when
it 1s applied to a solid-state image pickup device of a full
frame type such as that shown in FIG. 8, but this method is
also applicable to a filter in which one color component
corresponds to one light-receiving picture element.

In this embodiment, a G color component is obtained by
laying a Ye filter and a Cy filter one on top of the other. If
a third color component is obtained by laying two kinds of
filters, which correspond to a first color component and a
second color component, one on top of the other, another
filter may be combined with these two filters.

For each of the coloring layers 18, 19 which constitute the
color filter 17, a high polymer material such as gelatin and
casein is generally used. It is known, however, that a
coloring layer which is composed of such a high polymer
material is difficult to finely divide, as in the production of
the transfer electrodes 15, 16 which are composed of poly-
crystalline silicon or the like.

In the structure of this embodiment, picture information
which is necessary for obtaining a color picture is obtained
in each row of a light-receiving picture element by short-
ening the width of each separate color component region of
the color filter in the direction of a row of the color filter to
3 of that in a conventional color filter without changing the
length in the direction of a vertical line. In this embodiment,
it is therefore possible to greatly enhance the resolution of a
solid-state color image pickup device without using a special
material for a color filter but by simply shortening the width
of each separate color component region of the color filter in
the direction of a row of the color filter to about > of that
in a conventional color filter.

According to the method of producing a mosaic filter in
this embodiment, it is possible to produce the mosaic filter
in a similar process to the process of a striped filter in which
the same color components are consecutive in the direction
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of a vertical line. It is therefore possible to simplify the
process for producing a color filter, thereby improving the
productivity.

As explained above, according to the present invention,
since it is possible to obtain a brightness signal and a
predetermined fundamental color component signal from
picture signals obtained from the light-receiving picture
elements for one row, signal processing with respect to the
picture signals output from a solid-state image pickup device
is simplified. It is therefore possible to simplify the structure
of a signal processing circuit for executing predetermined
processing with respect to picture signals, and it is possible
to reduce the cost of a solid-state image pickup device even
if it reproduces a color picture.

While there has been described what are at present
considered to be preferred embodiments of the invention, it
will be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A solid-state color image pickup device comprising:

a substrate;

a plurality of light-receiving picture elements arranged in
a matrix on a surface of said substrate; and

a color filter disposed to cover said plurality of light-
receiving picture elements, said color filter including
filter elements which have one-to-one correspondence
to said light-receiving picture elements, wherein said
filter elements include a first filter element and a second
filter element disposed in odd-numbered rows so as to
pass light having a first color component and light
having a second color component, respectively, and a
third filter element and a fourth filter element disposed
in even-numbered rows so as to pass light having a
third color component and light having a fourth color
component, respectively, all of said filter elements
passing light having color components which satisfies
the following conditions:

a sum of a light-receiving signal obtained from a light-
receiving picture element which corresponds to said
first filter element on the basis of said light having said
first color component and a light-receiving signal
obtained from a light-receiving picture element which
corresponds to said second filter element on the basis of
said light having said second color component is equal
to a sum of a light-receiving signal obtained from a
light-receiving picture element which corresponds to
said third filter element on the basis of said light having
said third color component and a light-receiving signal
obtained from a light-receiving picture element which
corresponds to said fourth filter element on the basis of
said light having said fourth color component;

a light-receiving signal of a first fundamental color com-
ponent is obtained from a difference between said
light-receiving signal based on said light having said
first color component and said light-receiving signal
based on said light having said second color compo-
nent; and

a light-receiving signal of a second fundamental color
component is obtained from a difference between said
light-receiving signal based on said light having said
third color component and said light-receiving signal
based on said light having said fourth color component.

2. The solid-state color image pickup device of claim 1,

wherein each of said filter elements includes at least two
color component regions having different color components,
and each of said color component regions has one color
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component selected from the group consisting of primary
colors of light and complementary colors thereof.

3. The solid-state color image pickup device of claim 1,
wherein each of said first fundamental color component and
said second fundamental color component includes at least
one of three primary colors.

4. The solid-state color image pickup device of claim 1,
wherein each of said sum of said light-receiving signal based
on said light having said first color component and said
light-receiving signal based on said light having said second
color component and said sum of said light-receiving signal
based on said light having said third color component and
said light-receiving signal based on said light having said
fourth color component is coincident with a brightness
signal having all color components of three primary colors
in a predetermined ratio.

5. A solid-state color image pickup device comprising:

a substrate:

a plurality of light-receiving picture elements arranged in
a matrix on a siuface of said substrate:; and

a color filter disposed to cover said plurality of light-
receiving picture elements, wherein said color filter is
divided into a plurality of units of color component
regions arranged in a plurality of rows, each unit
including three different color component regions
arranged in a row in each of said plurality of rows in
correspondence with two adjacent light-receiving pic-
ture elements, wherein a middle one of said three
different color component regions is disposed over
portions of both of said two adjacent light-receiving
picture elements, and a position of each color compo-
nent region in an odd-numbered row is shifted in a
direction of said row of the color filter from a position
of each color component region in an even-nombered
row by one color component region.

6. A solid-state color image pickup device comprising:

a substrate;

a plurality of light-receiving picture elements arranged in
a matrix on a surface of said substrate; and

a color filter disposed to cover said plurality of light-
receiving picture elements, wherein said color filter is
divided into a plurality of units of color component
regions, each unit including three different color com-
ponent regions arranged in a row in correspondence
with two adjacent light-receiving picture elements.
wherein a middle one of said three different color
component regions is disposed over portions of both of
said two adjacent light-receiving picture elements,
wherein said color filter includes filter elements which
have one-to-one correspondence to said light-receiving
picture clements and each of which has two color
component regions;

a first filter element and a second filter element for passing
light having a first color component and light having a
second color component, respectively, are disposed in
odd-numbered rows;

a third filter element and a fourth filter element for passing
light having a third color component and light having
a fourth color component, respectively, are disposed in
even-numbered rows; and said filter elements pass light
having color components which satisfies the following
conditions:

a sum of a light-receiving signal obtained from a
light-receiving picture element which corresponds to
said first filter clement on the basis of said light
having said first color component and a light-
receiving signal obtained from a light-receiving pic-
ture element which corresponds to said second filter
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element on the basis of said light having said second
color component is equal to a sum of a light-
receiving signal obtained from a light-receiving pic-
ture element which corresponds to said third filter
clement on the basis of said light having said third
color component and a light-receiving signal
obtained from a light-receiving picture element
which corresponds to said fourth filter element on the
basis of said light having said fourth color compo-
nent;

a light-receiving signal of a first fundamental color
component is obtained from a difference between
said light-receiving signal based on said light having
said first color component and said light-receiving
signal based on said light having said second color
component; and

a light-receiving signal of a second fundamental color
component 15 obtained from a difference between
said light-receiving signal based on said light having
said third color component and said light-receiving
signal based on said light having said fourth color
component.

7. A solid-state color image pickup device comprising:
a substrate;

a plurality of light-receiving picture elements arranged in
a matrix on a surface of said substrate; and

a color filter disposed to cover said plurality of light-
receiving picture clements, wherein said color filter is
divided into a plurality of units of color component
regions, each unit including three different color com-
ponent regions arranged in a row in correspondence
with two adjacent light-receiving picture elements,
wherein a middle one of said three different color
component regions is disposed over portions of both of
said two adjacent light-receiving picture elements,
wherein said color component regions of said color
filter are arranged in the same order im an odd-
numbered row and an even-numbered row, and a posi-
tion of each color component region in said odd-
numbered row is shifted in a direction of said row of the
color filter from a position of each color component
region in said even-numbered row by one color com-
ponent region.

8. A solid-state color image pickup device comprising:

a substrate;

a plurality of light-receiving picture elements arranged in
a matrix on a surface of said substrate; and

a color filter disposed to cover said plurality of light-
receiving picture elements, wherein said color filter is
divided into a plurality of units of color component
regions, each unit including three different color com-
ponent regions arranged in a row in correspondence
with two adjacent light-receiving picture clements,
wherein a middle one of said three different color
component regions is disposed over portions of both of
said two adjacent light-receiving picture clements,
wherein said color filter includes a first filter layer
having a first color component and a second filter layer
having a second color component in the same pattern as
in said first color filter layer;

a gap which corresponds to one color component region
is provided after every two color component regions,
and a position of each gap in an odd-numbered row is
shifted from a position of each gap in an even-
numbered row by one color component region in each
of said first filter layer and said second filter layer; and

said first filter layer and said second filter layer are laid
one on top of the other in such manner that an edge of
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one filter is shifted in a direction of said row of said
color filter from that of an edge of the other filter by one
color component region, thereby forming a third color
component.

9. The solid-state color image pickup device of claim 1,
wherein said light-receiving signal of said first fundamental
color component is obtained from an absolute value of the
difference between said light-receiving signal based on said
light having said first color component and said light-
receiving signal based on said light having said second color
component, and said light-receiving signal of said second
fundamental color component is obtained from an absolute
value of the difference between said light-receiving signal
based on said light having said third color component and
said light-receiving signal based on said light having said
fourth color component.

10. The solid-state color image pickup device of claim 3,
wherein said color filter includes filter elements which have
one-to-one correspondence to said light-receiving picture
elements and each of which has two color component
regions;

a first filter element and a second filter element for passing

light having a first color component and light having a

second color component, respectively, are disposed in
odd-numbered rows;

a third filter element and a fourth filter element for passing
light having a third color component and light having
a fourth color component, respectively, are disposed in
even-numbered rows; and said filter elements pass light
having color components which satisfies the following
conditions:

a sum of a light-receiving signal obtained from a light-
receiving picture element which corresponds to said
first filter element on the basis of said light having said
first color component and a light-receiving signal
obtained from a light-receiving picture element which
corresponds to said second filter element on the basis of
said light having said second color component is equal
to a sum of a light-receiving signal obtained from a
light-receiving picture element which corresponds to
said third filter element on the basis of said light having
said third color component and a light-receiving signal
obtained from a light-receiving picture clement which
corresponds to said fourth filter element on the basis of
said light having said fourth color component;

a light-receiving signal of a first fundamental color com-
ponent is obtained from a difference between said
light-receiving signal based on said light having said
first color component and said light-receiving signal
based on said light having said second color compo-
nent; and

a light-receiving signal of a second fundamental color
component is obtained from a difference between said
light-receiving signal based on said light having said
third color component and said light-receiving signal
based on said light having said fourth color component.

11. The solid-state color image pickup device of claim 3,
wherein said color component regions of said color filter are
arranged in the same order in said odd-numbered row and
said even-numbered row.

12. The solid-state color image pickup device of claim 5,
wherein said color filter includes a first filter layer having a
first color component and a second filter layer having a
second color component in the same pattern as in said first

color filter layer;

a gap which corresponds to one color component region
is provided after every two color component regions,
and a position of each gap in said odd-numbered row is
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shifted from a position of each gap in said even-
numbered row by one color component region in each
of said first filter layer and said second filter layer; and

said first filter layer and said second filter layer are laid
one on top of the other in such manner that an edge of
one filter is shifted in a direction of said row of said
color filter from that of an edge of the other filter by one

color component region, thereby forming a third color
component.

13. The solid-state color image pickup device of claim §,
wherein said three different color component regions are
formed by two filter layers, each filter layer having a
different color component, and an overlap of said two filter
layers.

14. The solid-state color image pickup device of claim 6.
wherein said three different color component regions are
formed by two filter layers, each filter layer having a
different color component. and an overlap of said two filter
layers.

15. The solid-state color image pickup device of claim 6,
wherein said light-receiving signal of said first fundamental
color component is obtained from an absolute value of the
difference between said light-receiving signal based on said
light having said first color component and said light-
receiving signal based on said light having said second color
component, and said light-receiving signal of said second
fundamental color component is obtained from an absolute
value of the difference between said light-receiving signal
based on said light having said third color component and
said light-receiving signal based on said light having said
fourth color component.

16. The solid-state color image pickup device of claim 6,
wherein each of said first fundamental color component and
said second fundamental color component includes at least
one of three primary colors.

17. The solid-state color image pickup device of claim 6,
wherein each of said sum of said light-receiving signal based
on said light having said first color component and said
light-receiving signal based on said light having said second
color component and said sum of said light-receiving signal
based on said light having said third color component and
said light-receiving signal based on said light having said
fourth color component is coincident with a brightness
signal having all color components of three primary colors
in a predetermined ratio.

18. The solid-state color image pickup device of claim 7,
wherein said three different color component regions are
formed by two filter layers, each filter layer having a
different color component, and an overlap of said two filter
layers.

19. The solid-state color image pickup device of claim 10,
wherein said light-receiving signal of said first fundamental
color component is obtained from an absolute value of the
difference between said light-receiving signal based on said
light having said first color component and said light-
receiving signal based on said light having said second color
component, and said light-receiving signal of said second
fundamental color component is obtained from an absolute
value of the difference between said light-receiving signal
based on said light having said third color component and
said light-receiving signal based on said light having said
fourth color component.

20. The solid-state color image pickup device of claim 10,
wherein each of said first fundamental color component and
said second fundamental color component includes at least
one of three primary colors.
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